Extinction learning underlies the treatment for a variety of anxiety disorders. Most of what is known about the neurobiology of extinction is based on standard ''delay'' fear conditioning, in which awareness is not required for learning. Little is known about how complex, explicit associations extinguish, however. ''Trace'' conditioning is considered to be a rodent model of explicit fear because it relies on both the cortex and hippocampus and requires explicit contingency awareness in humans. Here, we explore the neural circuit supporting trace fear extinction in order to better understand how complex memories extinguish. We first show that the amygdala is selectively involved in delay fear extinction; blocking intra-amygdala glutamate receptors disrupted delay, but not trace extinction. Further, ERK phosphorylation was increased in the amygdala after delay, but not trace extinction. We then identify the retrosplenial cortex (RSC) as a key structure supporting trace extinction. ERK phosphorylation was selectively increased in the RSC following trace extinction and blocking intra-RSC NMDA receptors impaired trace, but not delay extinction. These findings indicate that delay and trace extinction require different neural circuits; delay extinction requires plasticity in the amygdala whereas trace extinction requires the RSC. Anxiety disorders linked to explicit memory may therefore depend on cortical processes that have not been traditionally targeted by extinction studies based on delay fear.
Introduction
The ability to accurately predict and respond to danger signals is critical for an animal's survival. Failure to react in the face of a cue that signals danger can result in harm or death. Conversely, it is also maladaptive for an animal to respond in a disproportionate manner to a nonthreatening cue. In humans, excessive responding to situations and cues that are poor predictors of danger may contribute to anxiety disorders (Davis, 2002; Rothbaum & Davis, 2003) .
Anxiety disorders are often treated clinically through behavioral extinction in which the individual is exposed to the threatening stimulus in the absence of an aversive outcome (Barad, 2005; Foa, 2000; Rothbaum & Schwartz, 2002; Wolpe, 1969) . Affective reactions to the stimulus are gradually reduced as the person learns that the cue does not predict danger. These exposure-based therapies can be modeled in rodents through fear conditioning and extinction training as a way to understand the neural mechanisms underlying anxiety reduction (Davis, 2002; Milad & Quirk, 2012) .
To date, most of the research on the neural mechanisms of extinction learning comes from rodent studies that use delay fear conditioning to model anxiety (for review, see Milad & Quirk, 2012) . In delay fear conditioning, an initially neutral conditional stimulus (CS), such as a white noise or tone, is presented contiguously with a naturally aversive unconditional stimulus (UCS), such as a foot shock. Delay fear can be acquired very rapidly and, in humans, can be learned and expressed without awareness of the stimulus relationship (Clark & Squire, 1998; Knight, Nguyen, & Bandettini, 2006) making it a good model for basic, implicit fear memories. Delay fear extinction requires three critical brain structures: the infralimbic medial prefrontal cortex (IL), the hippocampus, and the amygdala (Sierra-Mercado, Padilla-Coreano, & Quirk, 2011). The hippocampus' role in extinguishing fear to a discrete auditory CS is largely restricted to controlling the context specificity of extinction (Corcoran, Desmond, Frey, & Maren, 2005; Hobin, Ji, & Maren, 2006) although more recent evidence points to a central role of the hippocampus in extinction when the most salient predictor of shock is the training context (Fischer et al., 2007; Huh et al., 2009; Radulovic & Tronson, 2010; Schimanski, Wahlsten, & Nguyen, 2002; Tronson et al., 2009; Vianna, Szapiro, McGaugh, Medina, & Izquierdo, 2001) . In contrast to the hippocampus, both the IL and amygdala undergo plastic changes during the extinction of an auditory CS previously used in delay fear conditioning. This plasticity in IL and amygdala regions is believed to support the formation of a new extinction memory (Herry et al., 2010; Quirk & Mueller, 2008) . Blocking neural activity or general
